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ABSTRACT
Background. The National Adult Reading Test (NART) is widely used in research and clinical
practice as an estimate of pre-morbid or prior ability. However, most of the evidence on the
NART’s validity as a measure of prior intellectual ability is based on concurrent administration of
the NART and an IQ measure.
Method. We followed up 179 individuals who had taken an IQ test (the Moray House Test) at age
11 and administered the NART and the Mini-Mental State Examination (MMSE) at age 77. A
subset (Nfl 97) were also re-administered the original IQ test.
Results. The correlation between NART performance at age 77 and IQ age 11 was high and
statistically significant (rfl 0–73; P! 0–001). This correlation was comparable to the correlation
between NART and current IQ, and childhood IQ and current IQ, despite the shared influences on
the latter variable pairings. The NART had a significant correlation with the MMSE but this
correlation fell to near zero (rfl 0–02) after partialling out the influence of childhood IQ.
Discussion. The pattern of results provides strong support for the claim that the NART primarily
indexes prior (rather than current) intellectual ability.
INTRODUCTION
The detection and quantification of cognitive
impairment in the individual case is problem-
atical because of the wide variability in cognitive
abilities in the general adult population. Scores
on cognitive measures that are average, or even-
above average, can still represent a significant
impairment for an individual of high pre-morbid
ability (Crawford, 1992; Deary, 1995). Con-
versely, for individuals with modest pre-morbid
resources, test scores that fall well below the
mean may be entirely consistent with their prior
level of functioning (Crawford et al. 1998).
Because of this, normative comparison
standards are of limited utility in the detection
" Address for correspondence: Professor John R. Crawford,
Department of Psychology, King’s College, University of Aberdeen,
Aberdeen AB24 2UB.
of impairment ; and are supplemented with
individual comparison standards when attempt-
ing to assess acquired deficits (Lezak, 1995;
O’Carroll, 1995; Crawford, 1996). Ideally, these
individual standards would be obtained from
cognitive test scores obtained in the pre-morbid
period. However, this is rarely a viable option as
most individuals have had no prior formal
testing and even where they have, it is difficult or
impossible to obtain the results. Because of these
difficulties, clinicians normally have to settle for
some means of estimating an individual’s pre-
morbid ability.
One approach to this problem is to use
demographic variables (i.e. years of education,
occupational status, age etc.) to provide a broad
estimate of pre-morbid intelligence (Barona et
al. 1984; Crawford & Allan, 1997). A more
common alternative is to use a measure of
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present ability that is relatively unaffected by
neurological or psychiatric disorder. Currently,
the test most commonly used to estimate pre-
morbid intelligence is the National Adult Read-
ing Test (NART; Nelson, 1982; Nelson &
Willison, 1991). The NART is 50-item single
word reading test of graded difficulty. The
development of the NART stemmed from: (1)
the assumption that, in the normal adult
population, level of reading ability is closely
related to general intellectual level ; and (2) from
the clinical observation that, in patients with
dementia, oral reading was relatively well pre-
served until late in the dementing process
(Nelson & McKenna, 1975).
It is argued that the NART makes minimal
demands on current cognitive capacity because
it requires only oral reading of short, single
words (Nelson & O’Connell, 1978). In addition
all the words are irregular, that is, they violate
grapheme–phoneme correspondence rules (e.g.
ache, thyme, topiary). The supposition is that, as
a result, the test depends on prior or pre-morbid
ability because a testee must have prior knowl-
edge of a word’s pronunciation; deployment of
current cognitive resources (e.g. the application
of grapheme–phoneme correspondence rules)
will not result in a correct pronunciation.
To be considered valid, any putative measure
of pre-morbid intelligence must fulfil three
criteria (Crawford, 1992). First, like any psycho-
logical test, it must possess adequate reliability.
Secondly, it must have adequate criterion valid-
ity, that is, it must correlate highly with measures
of psychometric intelligence. Thirdly, perform-
ance on the measure must be largely impervious
to the effects of neurological or psychiatric dis-
order. The NART fulfils the first criterion in
that it possesses high internal consistency
(Crawford et al. 1988; Nelson & Willison, 1991),
test–retest reliability (Crawford et al. 1989) and
inter-rater reliability (O’Carroll, 1987; Crawford
et al. 1989).
The results from studies that have addressed
the criterion validity of the NART have been
generally positive. For example, in the original
NART standardization sample (Nelson, 1982)
which consisted of 120 healthy adults, the NART
predicted 55% of the variance in IQ as measured
by a short-form Wechsler Adult Intelligence
Scale (WAIS; Wechsler, 1955). Crawford et al.
(1989) used a full-length WAIS and reported
that the NART explained 66% of IQ variance in
a census matched sample of healthy adults.
A feature of all these studies is that, although
the NART is intended to measure prior or pre-
morbid intelligence, the validity information
they provide is based solely on concurrent
administration of the NART and an IQ measure.
A notable exception to this is an important
study by Berry et al. (1994) of an elderly sample
in which an North American variant of the
NART (Blair & Spreen, 1989) had a correlation
of 0–70 with WAIS-R Full Scale IQ scores
(Wechsler, 1981) obtained 3–5 years earlier.
In the present study we had access to IQ
scores obtained at age 11 for a sample of 77
year-old participants and we can therefore
extend this approach by examining the retro-
spective validity of the NART over a 66 year
interval. As the NART is intended as a measure
of prior ability, we therefore hypothesized that
NART scores would be significantly correlated
with earlier IQ. Further, in a subgroup of this
sample we were also able to re-administer the
original IQ test at age 77. This permitted us to
test additional competing hypotheses concerning
the measurement characteristics of the NART.
Does the NART index current or prior ability?
If the NART is primarily an index of current
intelligence, then it follows that it should
correlate more highly with IQ measured con-
currently than with earlier IQ. It also follows
that earlier IQ should correlate more highly with
IQ scores age 77 than with the NART (given
that, in the former case, the same test was used
on both occasions). Conversely, if the NART is
indeed primarily an index of prior intelligence,
then it follows that it should correlate as highly,
or even more highly, with earlier IQ scores than
with current IQ scores. It follows also that the
correlation between earlier IQ scores and NART
would be as high, or again, possibly higher, than
the correlation between the two sets of IQ
scores.
Is the NART sensitive or impervious to
cognitive impairment?
As previously noted, the third criterion for a
valid measure of prior or pre-morbid intelligence
is that performance should be largely impervious
to the effects of neurological or psychiatric
disorder (we would suggest that the measure
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should also be insensitive to individual dif-
ferences in cognitive decline associated with
normal ageing). The most common way of
assessing the extent to which the NART fulfils
this criterion has been to compare NART
performance in neurological or psychiatric
samples with control participants matched for
demographic characteristics. Extensive reviews
of these studies can be found in Crawford
(1992), O’Carroll (1995) and Franzen et al.
(1997). Briefly, to summarize this literature,
NART performance appears to be largely im-
pervious to the effects of many neurological
and psychiatric disorders, as judged by the
absence of significant differences between the
clinical and control samples. However, the
balance of evidence suggests that the NART is
commonly affected in many cases of severe, or
even moderate, Alzheimer’s disease, and in some
other specific conditions (e.g. Huntington’s
disease).
Another means of assessing the robustness of
the NART is to examine the correlation between
an impairment sensitive measure and NART
performance (Crawford, 1992; O’Carroll, 1995).
The studies that have employed this approach
have been concerned with the relationship
between the NART and mental status in-
struments in dementia samples. The rationale is
that a significant correlation between these
variables would indicate that NART perform-
ance is affected by the severity of dementia
whereas the absence of a correlation would
suggest that NART performance is independent
of current mental status. Results using this
approach have been contradictory. For example,
O’Carroll & Gilleard (1986) found that the
NART did not correlate with mental status
scores on the Clifton Assessment Procedures for
the Elderly (Pattie, 1981) in a sample of dementia
patients of mixed aetiology. In contrast,
Patterson et al. (1994) assessed 45 patients with
probable Alzheimer’s disease and found that
NART performance was significantly correlated
(rfl 0–56) with performance on the Mini-Mental
State Examination (MMSE; Folstein et al.
1975).
A difficulty with the rationale of this approach
is that, although any observed relationship
between the NART and mental status could
reflect a shared sensitivity to current level of
impairment, it could also arise because per-
formance on the mental status instruments is not
independent of pre-morbid ability (Crawford,
1989). Consistent with this interpretation, Starr
et al. (1992) reported a highly significant
correlation (rfl 0–49) between the NART and
MMSE in a large sample of healthy elderly
participants. However, even in this study, it is
still possible that the observed relationship arose
because both tests were sensitive to individual
differences in age associated cognitive decline, or
because both were indexing deficits arising from
undiagnosed pathology.
The present study offers a means of evaluating
these competing explanations. Both explana-
tions lead to the prediction that the NART will
be significantly correlated with the MMSE.
However, if the relationship stems from a shared
sensitivity to cognitive decline, then statistically
controlling for childhood intellectual ability
should leave the correlation unaffected. In
contrast, if the shared variance reflects the
influence of prior intellectual ability, then con-
trolling for childhood IQ should abolish the
relationship. It can be noted that the prior
ability explanation predicts the null hypothesis,
i.e. that the correlation will not be significant
after partialling out prior IQ. However, a
positive test of this explanation can be formed
by testing whether the partial correlation is
significantly lower than the raw correlation.
The Scottish Mental Survey 1932
The present study was made possible because of
the Scottish Mental Survey conducted in 1932.
This study, which was run by the Scottish
Council for Research in Education (SCRE),
sought to ‘obtain data about the whole dis-
tribution of the intelligence of Scottish pupils
from one end of the scale to the other ’ (SCRE,
1933). On 1 June 1932, all children at school in
Scotland and born in the calendar year 1921
undertook a group-administered mental ability
test, including some practice items. Children
were tested in classrooms by teachers who
followed detailed instructions. The number of
children tested was 87498 (44210 boys and
43288 girls). A very small number of private
schools and those children absent owing to
sickness were the only 1921-born children not
tested.
The group mental ability test used in the
Survey is referred to in the original publication
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as the ‘Verbal Test ’ (SCRE, 1933). This however
is something of a misnomer as the test comprises
a variety of types of item as follows: following
directions (14 items) ; same-opposites (11) ; word
classification (10) ; analogies (8) ; practical items
(6) ; reasoning (5) ; proverbs (4) ; arithmetic (4) ;
spatial items (4) ; mixed sentences (3) ; cypher
decoding (2) ; and other items (4). The test has 71
numbered items, 75 items in total, and the
maximum possible score is 76. The test was very
closely related to the Moray House Test No. 12
that was used in ‘eleven-plus ’ examinations in
England. We shall refer to the test as the Moray
House Test (MHT). The scores on the MHT in
1932 were validated by individually testing a
representative sample of 1000 of the children
(500 boys, 500 girls) on the Stanford-Binet
Intelligence Scale (McNemar, 1942). The cor-
relation between the two tests for boys (rfl 0–81)
and girls (rfl 0–78) established that the MHT
had high concurrent validity as a measure of IQ.
METHOD
Participants
The Scottish Council for Research in Education
made the complete data set for the 1932 Scottish
Mental Survey available to the authors. From
January to May 1998 we (L.J.W. and I.J.D.)
traced local (North-East Scotland) survivors of
the 1932 Scottish Mental Survey. With the
approval of the Joint Ethics Committee of
Grampian Health Board and the University of
Aberdeen, we contacted 199 survivors randomly
selected from the Community Health Index and
35 other locals who volunteered on hearing
media reports of the study. Of the 234 potential
subjects, 208 people agreed to a full physical and
mental health assessment. From this sample we
obtained 196 participants, none of whom was
suffering from any major physical or mental
illness or medication known to affect cognitive
functioning. A subsample (Nfl 97) also agreed
to re-take the Moray House Test 66 years after
they had originally taken the test.
Materials and procedure
During 1998 the 196 participants were adminis-
tered the NART and MMSE according to
standard procedures. These tests were adminis-
tered to subjects individually by trained re-
searchers under the supervision of a qualified
clinical psychologist (J.R.C.). The tests were
scored according to standard instructions except
that NART performance was expressed as
number of items correct rather than number of
errors (this was done so that all psychological
tests were scaled in the same direction i.e. high
scores indicated good performance). The MHT
scores the participants obtained in 1932 were
identified from the SCRE records.
Of the 97 participants who agreed to retake
the MHT, 71 retook the test at a group testing
session in a large public hall in Aberdeen town
centre on 1 June 1998, precisely 66 years to the
day after the first sitting. The remaining 16
participants attended on later dates convenient
to themselves. The same instructions as used in
1932 (SCRE, 1933) were employed. Forty-five
minutes were allowed for the completion of the
test. Only two of the tests’ items required minor
altering from the 1932 version. A question
involving shillings and pence was altered to feet
and inches because, whereas money altered to a
decimal format in 1971, the measurement of
distance is still principally duodecimal in the
United Kingdom, especially among old people.
Another question referring to ‘vitamine’ was
changed to read ‘vitamins’.
RESULTS
The summary statistics (means, s.d.s and ranges)
for the NART and MMSE scores obtained in
1998, and scores on the Moray House Test
obtained in 1932, are reported in Table 1. This
table also presents the same summary statistics
for the subsample (Nfl 97) re-administered the
Moray House Test in 1998 and includes the
statistics for the 1998 scores.
A scatterplot of the relationship between
NART performance and scores on the MHT in
Table 1. Summary statistics for the NART,
MMSE, and MHT in the full sample and
subsample readministered the MHT in 1998
Full sample (Nfl 179) Subsample (Nfl 97)
Mean (s.d.) Range Mean (s.d.) Range
NART
(no. correct)
34–27 (7–58) 11–50 36–09 (7–14) 18–50
MMSE 28–31 (1–97) 18–30 28–85 (1–27) 24–30
MHT-1932 40–33 (13–02) 5–65 43–20 (12–02) 6–65
MHT-1998 — (—) — 54–01 (12–04) 17–74
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Fig. 1. Scatterplot of the relationship betweenMHTscores obtained
in 1932 and NART scores obtained in 1998.
1932 is presented as Fig. 1. The Pearson Product
Moment correlation between these variables
was 0–73, P! 0–001 (95% CLsfl 0–65, 0–79).
Hierarchical linear regression revealed that
polynomial functions of MHT scores (MHT#
and MHT$) did not significantly increase the
percentage of NART variance explained over
that explained by MHT scores alone; this
confirms the impression of visual inspection that
the relationship is linear.
Comparison of correlations between NART,
childhood IQ, and concurrent IQ scores
In the subsample who retook the MHT (Nfl 97)
in 1998, the correlation between the NART and
MHT scores from 1932 was similar to that
obtained in the full sample ; rfl 0–69, P! 0–001.
The correlation between the NART and MHT
scores obtained in 1998 was 0–63 (P! 0–001).
Thus, the NART was as highly correlated with
prior IQ scores than it was with IQ scores
concurrently. A significance test for non-in-
dependent correlations (Williams, 1959; Steiger,
1980) revealed that these two correlations were
not significantly different ; tfl 1–05, dffl 94,
Pfl 0–30. As reported elsewhere (Deary et al.
2000), the correlation between MHT scores in
1932 and 1998 was 0–64. Thus, the correlation
between NART and prior IQ scores (0–69) was
comparable to the correlation between scores on
the same IQ test administered on two occasions.
William’s test revealed that these two corre-
lations were not significantly different ; tfl 0–92,
dffl 94, Pfl 0–36. The relationships between
these three variables are represented in Fig. 2.
Correction for attenuation
Although the correlation between IQ in 1932
and NART in the full sample is substantial, it is
an underestimate of the population correlation
because of attenuation arising from restriction
in the range of ability. The population standard
deviation for the MHT in 1932 was 15–5 in
comparison with the s.d. of 13–0 for the 1932
scores in the current sample. The variance in the
sample was therefore 70% of that found in the
population. When the correlation between
NART and MHT scores was corrected for the
effects of restriction of range, using the standard
formula (Nunnally & Bernstein, 1994), it rose to
0–78.
Relationship between NART performance and
mental status
Because the present sample consisted of healthy
participants, the MMSE had limited variance
and was subject to ceiling effects (see Table 1).
Despite this, NART scores had a modest but
highly significant correlation with scores on the
MMSE; rfl 0–25, P! 0–001 (95% CLsfl 0–12,
0–38). The partial correlation between the NART
and MMSE, controlling for MHT scores in
1932, was essentially zero and was not stat-
istically significant ; rfl 0–02, dffl 176, Pfl
0–802. A test developed by Steiger (1980) was
used to test whether partialling out the effects of
MHT scores significantly reduced the correlation
between the NART and MMSE (as noted, this
provides a positive test of the prior ability
hypothesis). This procedure tests whether q
"#
fl
q
$%
where, in the present case, 1fl the MMSE,
2fl the NART, 3fl the residuals obtained after
NART
age 77
IQ
age 77
IQ
age 11
0·69
0·64
0·63
Fig. 2. Relationship between the NART and measures of con-
current and prior IQ.
456 J. R. Crawford and others
predicting MMSE scores from the MHT, and 4
fl the residuals obtained after predicting NART
scores from the MHT (q
$%
therefore represents
the partial correlation). This procedure revealed
that the partial correlation was significantly
lower than the raw correlation; zfl 3–99,
P! 0–001.
DISCUSSION
The NART, a brief 50-item oral reading test,
administered at age 77, was able to retrospect-
ively account for over 50% of the variance (rfl
0–73) in psychometric intelligence measured at
age 11. This is a remarkable finding as it would
be expected that any relationship between these
two variables would have been severely attenu-
ated by individual differences in exposure to a
myriad of environmental factors in the inter-
vening 66 years. Further, at age 11, the partici-
pants would not have been exposed to most of
the vocabulary subsequently sampled by the
NART.
Restriction of range strongly attenuates cor-
relation coefficients. Therefore, we took the
advice of Detterman (1989) and corrected the
correlation between the NART and childhood
MHT scores to adjust for range restriction in the
present sample. This corrected coefficient (0–78)
gives a better estimate of the population cor-
relation coefficient and indicates that the NART
retrospectively accounts for a substantial 61%
of the variance. The caveat is that use of the
correction assumes that the relationship be-
tween the variables remains linear beyond the
range observed in the sample. However, this
assumption is not unreasonable. The results of
the hierarchical regression and visual inspection
of the scatterplot give no indication that the
relationship departs from linearity at the ex-
tremes of the range. In addition, Crawford et al.
(1989) reported that the relationship between
the NART and IQ (as measured concurrently by
the WAIS-R) did not depart from linearity in a
sample with a wide range of IQ (75–140).
Given that the NART is used in clinical
practice and research as an index of prior or pre-
morbid intelligence, it is critical to establish
retrospective validity rather than rely on existing
evidence of concurrent validity. Berry et al.
(1994) demonstrated that the NART had very
adequate retrospective validity over a 3–5 year
interval in a healthy elderly sample. The results
discussed above demonstrate that very high
retrospective validity is also found even with a
very long interval.
The data from the subsample readministered
the MHT at age 77 (see Fig. 2) allowed us to test
competing hypotheses concerning the deter-
minants of NART performance. If the NART is
primarily an index of current ability, then it
would be expected that its correlation with
MHT scores obtained concurrently would be
significantly higher than its correlation with
scores obtained 66 years earlier. In fact the
correlation between NART and IQ aged 11 was
higher (0–69), although not significantly so, than
the correlation between the NART and con-
current IQ scores (0–64). This pattern of results
was obtained despite the fact that the NART
and concurrent MHT scores were both subject
to the potential effects of any cognitive decline
associated with normal ageing, and also to the
effect of educational and general socio-economic
influences encountered after 11 years of age.
Were the NART primarily an index of current
ability, then it would also be expected that its
correlation with MHT scores at age 11 would be
significantly exceeded by the correlation between
MHT scores at ages 77 and 11. If the NART
does not tap prior ability there would be no
reason to expect otherwise ; the correlation
between a test administered on two occasions
should substantially exceed the correlation be-
tween the test and another instrument adminis-
tered on a second occasion. Again the pattern of
correlations was the opposite of that predicted
by the hypothesis that the NART is primarily an
index of current ability. The correlation between
the NART and MHT scores was higher,
although not significantly so, than the cor-
relation between the sets of MHT scores. This is
also a remarkable finding. The NART samples a
single, specific, cognitive ability ; the oral reading
of irregular words. In contrast MHT scores on
the two occasions represent performance over a
broad range of cognitive tasks and were obtained
using identical items (with the minor exceptions
noted earlier).
Examination of the relationship between the
NART and impairment sensitive measures in
clinical samples has been used to assess whether
NART performance is impervious to current
level of impairment. The assumption has been
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that the presence of a significant correlation
indicates that the NART is sensitive to current
level of impairment. However, as noted, the
presence of such a correlation could also indicate
that performance on the impairment sensitive
measure (normally a screening test for mental
status) is partly determined by an individual’s
pre-morbid or prior level of intelligence
(Crawford, 1989). Both explanations predict
that the NART would be significantly correlated
with mental status. In the present study these
two variables were significantly correlated (rfl
0–25, P! 0–001), despite the restricted variance
in MMSE scores. However, when childhood IQ
was controlled for, the correlation was no longer
significant (Pfl 0–802) and was only marginally
different from zero (rfl 0–02). Furthermore, the
partial correlation was significantly lower than
the raw correlation (P! 0–001). These findings
are consistent with the view that shared variance
betweenNART andMMSE reflects the influence
of prior ability. They are not consistent with the
view that the shared variance reflects individual
differences in age associated cognitive decline, as
partialling out childhood IQ should have left the
relationship unaffected.
The present findings are based on a non-
clinical sample and therefore demonstrate only
that a relationship between NART and mental
status can arise because performance on mental
status instruments are not independent of prior
intellectual level. They do not rule out the
possibility that a relationship could be observed
in other samples because of a shared sensitivity
to impairment. It may be that observed relation-
ships between NART and mental status reflect
the operation of different mechanisms in dif-
ferent populations. The two may be related in
the healthy population and in the mildly
impaired because of the common influence of
prior intelligence, they may become dissociated
from each other in more moderately impaired
populations (as the covariance attributable to
pre-morbid intelligence becomes swamped by
the influence of pathology on mental status),
and, finally, the two may become associated
again in severely impaired populations because
NART performance also becomes impaired.
The NART has mainly been used in clinical
populations to provide an estimate of prior or
pre-morbid ability. However, we believe the
NART can play a useful role in the study of
cognitive changes associated with normal ageing.
Most obviously, it can be used as a means of
matching elderly and younger participants on
prior ability. This should help to minimize the
possibility that any differences observed on the
variables of interest are simply a reflection of
pre-existing differences in cognitive ability rather
than the results of ageing. Furthermore, in the
study of the effects of ageing on cognitive
performance (and in more complex models
involving these variables), prior or pre-morbid
ability can be seen as a classic example of a
suppressor variable (Darlington, 1990) ; i.e. the
relationship between age and cognitive per-
formance is partly obscured by the influences of
individual differences in prior ability that are
independent of age. The NART could be used to
statistically control for the effects of such
differences.
The study was supported by a grant to L.J.W. from
Henry Smith’s Charities. Helen Lemmon, Patricia
Whalley and Mariesha Struth assisted in collection
and collation of data. We are indebted to the Scottish
Council for Research in Education – especially
Graham Thorpe and Professor Wynne Harlen – for
providing data from the 1932 Scottish Mental Survey.
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